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(57) ABSTRACT 

A description is given of a ?lm for a ?lm capacitor Which is 
formed from an electrically insulating carrier ?lm With an 
electrically conductive layer applied thereon, the electrically 
conductive layer in the ?lm capacitor forming an electrode 
and the carrier ?lm forming a dielectric. 

The invention is distinguished by the fact that the electri 
cally conductive layer 2 is made as thin as possible, and that, 
in order to reduce the total sheet resistance on the electrically 
conductive layer 2, at least one current path 4, 5 is provided 
Which has a loWer sheet resistance than the electrically 
conductive layer. 

12 Claims, 2 Drawing Sheets 
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FOIL FOR A FOIL CAPACITOR AND FOIL 
CAPACITOR 

TECHNICAL FIELD 

The invention relates to a ?lm for a ?lm capacitor Which 
is formed from an electrically insulating carrier ?lm With an 
electrically conductive layer applied thereon, the electrically 
conductive layer in the ?lm capacitor forming an electrode 
and the carrier ?lm forming a dielectric. Furthermore, the 
invention relates to a ?lm capacitor embodied With such a 
?lm. 

PRIOR ART 

Capacitors are produced, for a Wide capacitance range, 
inter alia as ?lm capacitors, the dielectric comprising a 
plastic ?lm. The electrodes are formed from tWo conductive 
metal surfaces. These tWo metal surfaces comprise either 
thin metal ?lms or metal layers vapor-deposited onto the 
?lms. The latter capacitors have a self-healing effect, i.e., in 
the event of an electrical breakdown, the metal layer evapo 
rates in the vicinity of the discharge or at a point provided 
for this in proximity thereto. The active region is reduced as 
a result of this, in Which case the capacitor can still be used, 
although With a slightly reduced capacitance. 
US. Pat. No. 5,136,462 and FR8911713 describe ?lms for 

a ?lm capacitor Which, instead of a continuous metal 
coating, have a metal coating Which is subdivided into 
individual segments. The individual segments have a loW 
sheet resistance; they are isolated from one another by 
nonconductive, trench-like cutouts and are electrically con 
nected to one another only via narroW current bridges. These 
narroW current bridges serve as protection devices Which, in 
the event of an electrical breakdoWn, isolate the effected 
segment from the remaining segments, so that the damage 
caused by an electrical breakdoWn is limited to a single 
segment or just a feW segments. A capacitor having such a 
segmented ?lm corresponds to thousands of individual 
capacitors connected in parallel. 

In the case of the segmented ?lm capacitor of EP 0 813 
213 A1, the cutouts betWeen the segments are covered With 
a thin conductive layer. The latter serves to enlarge the active 
area and also to avoid excess ?eld increases at the edges 
betWeen electrode segments and uncoated cutouts. The task 
of the conductive cutouts is, in the case of an electrical 
breakdoWn in an electrode segment, to increase the imped 
ance in the vicinity of said segment and to prevent the supply 
of energy. In this case, the larger the a real portion of the thin 
conductive layer is chosen to be relative to the electrode 
segments, the larger the equivalent series resistance of the 
?lm capacitor becomes, as a result of Which the electrical 
losses and hence the temperature in the capacitor are 
increased. HoWever, higher temperatures in the capacitor 
cause aging phenomena to be accelerated. 
W0 94/ 19813 discloses a ?lm capacitor having a dielec 

tric ?lm With continuous electrodes vapor-deposited 
thereon. The electrodes are deliberately made relatively thin 
and have a correspondingly high sheet resistance of 5 to 
3009. An improved dielectric strength, or increased break 
doWn voltage, compared With the segmented ?lm capacitor 
described previously, is obtained by virtue of the increased 
sheet resistance. 

SUMMARY OF THE INVENTION 

The invention is based on the object of providing a ?lm 
for a ?lm capacitor and a ?lm capacitor provided With the 
?lm Which are only slightly subject to aging phenomena. 
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2 
The invention is distinguished by the fact that, in a 

capacitor ?lm having an electrically conductive layer as 
electrode and a current path structure applied on said layer, 
the sheet resistance of the layer is chosen to be as large as 
possible and that of the current path structure is chosen to be 
as small as possible. The ?rst-mentioned measure results in 
a reduced loss of capacitance in the case of a breakdown, and 
the second measure leads to a reduction of the total sheet 
resistance of electrode and current path structure. As a result, 
the ohmic losses of the capacitor ?lm are reduced, and thus 
so is the heating of said ?lm. Both of the measures men 
tioned thus have a positive effect on the aging phenomena. 
The electrically conductive layer of the ?lm according to 

the invention for a ?lm capacitor has a relatively high sheet 
resistance. In the event of an electrical breakdoWn, this high 
sheet resistance limits the area region at Which the electri 
cally conductive layer evaporates, as a result of Which the 
effective electrode area and hence the capacitance of the 
capacitor are only slightly impaired. In addition, the break 
doWn voltage is increased and, in the event of breakdoWn, 
locally less electrical energy is converted into heat. The 
provision of a current path structure according to the inven 
tion preferably in the form of main and auxiliary current 
paths results in a reduced total sheet resistance relative to the 
sheet resistance of the electrically conductive layer. This 
reduced total sheet resistance reduces the ohmic losses When 
current ?oWs in the capacitor and hence the temperature 
increase in the capacitor and thereby has a positive effect on 
the thermally dictated aging of said capacitor. 
The current path structure is preferably composed of the 

same electrically conductive material as the electrically 
conductive layer or of a different electrically conductive 
material than the electrically conductive layer and has a 
contour raised above the electrically conductive layer. The 
individual current paths, preferably designed in strip form, 
are speci?cally subdivided into main and auxiliary current 
paths and form electrode structures con?gured in strip form. 
The sheet resistance of the current path structure is advan 
tageously reduced by at least a factor of 20 relative to that 
of the electrically conductive layer. This alloWs an a really 
small coverage of less than 10% of the electrode layer by the 
current path structure Without losses in the total sheet 
resistance reduction sought. The narroWer and/or less dense 
the current paths are made, the smaller, hoWever, is the 
reduction of the self-healing (high-resistance) electrode area 
of the capacitor ?lm. As a result of the reduced total sheet 
resistance and the thin electrode layer, a ?lm capacitor 
provided With the capacitor ?lm according to the invention 
has good electrical properties in conjunction With an optimal 
self-healing behavior, Which results in an increased life 
expectancy. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described beloW by Way of example, 
Without restricting the general concept of the invention, 
using exemplary embodiments With reference to the 
draWings, in Which: 

FIGS. 1 to 3 each diagrammatically shoW a plan vieW of 
a region in each case of a capacitor ?lm according to the 
invention, and 

FIG. 4 diagrammatically shoWs a cross-sectional 
illustration, not true to scale, through a capacitor ?lm 
designed according to the invention. 

WAYS OF EMBODYING THE INVENTION 

FIG. 1 shoWs a ?rst exemplary embodiment of a ?lm 
according to the invention for a ?lm capacitor, in plan vieW. 
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The ?lm is composed of a carrier ?lm 1 and an electrically 
conductive layer 2, applied thereon. The electrically con 
ductive layer 2 is preferably designed as a metal layer, but 
electrically conductive plastic is also suitable for forming 
this layer. 

The carrier ?lm 1, by contrast, is produced from an 
electrically insulating plastic material. It is also knoWn to 
use a paper ?lm as carrier material. 

The ?lm illustrated in FIG. 1 has a left-hand longitudinal 
edge 3, along Which the carrier ?lm 1 is free of the 
electrically conductive layer 2, Whereas the right-hand edge 
of the ?lm is provided With a main current path 4. Over the 
entire length of this main current path, the capacitor ?lm is 
externally contact-connected and fed. Branching off from 
the main current path 4 are auxiliary current paths 5, Which 
run at right angles, are oriented parallel to one another and 
are arranged at a regular distance a. The current path 
structure composed of the main current path 4 and auxiliary 
current paths 5 has a loWer electrical sheet resistance than 
the electrically conductive layer 2, since it has a larger 
thickness than the layer 2. This becomes clear in particular 
from the illustration in FIG. 4, to Which reference Will be 
made beloW. 

The electrically conductive layer 2 and the main and 
auxiliary current paths 4, 5 may be formed from a single 
metal coating and differ only in thickness. HoWever, the 
electrically conductive layer 2, preferably designed as a 
metal layer, and the current paths 4, 5 may also be composed 
of different metals. By Way of example, it is expedient to 
form the layer 2 from Zinc and the main and auxiliary current 
paths 4, 5 from aluminum, because the higher conductivity 
of aluminum makes it possible to keep the thickness of the 
main and auxiliary current paths 4, 5 small. Instead of 
current paths produced by metalliZation, it is also possible to 
use main and auxiliary current paths 4, 5 comprising a metal 
?lm. 

The main and auxiliary current paths 4, 5 are preferably 
arranged in such a Way that the electrically conductive layer 
2 is subdivided into a plurality of partial regions 6 Whose 
extent is limited at least in one direction, so that the charge 
stored in the layer 2 can be conducted aWay via a short 
distance to the main and auxiliary current paths 4, 5. In the 
exemplary embodiment illustrated in FIG. 1, the auxiliary 
current paths 5 are spaced apart from one another by a 
distance a, so that any point on the layer 2 is not further than 
a/2 aWay from the nearest current path. As a result, the 
distance via Which the charge stored in the layer 2 is 
conducted to a current path is limited to a/2. The form of the 
partial regions 6 formed betWeen the current paths 5 can 
inherently be chosen as desired, eg in strip form, square, 
rhomboid, etc. 

The sheet resistance of the electrically conductive layer 2 
should be at least 59 and preferably more than 209. The 
higher the sheet resistance, the smaller the area regions— 
destroyed in the event of an electrical breakdoWn—of the 
layers 2 Which form the capacitor electrodes. 

In the case of the conventional segmented electrodes 
described in the introduction, after an electrical breakdoWn, 
it is generally the case that entire segments With a siZe of 
more than 1 cm2 are unusable. With the present choice of an 
electrode having a high sheet resistance, the area that is 
evaporated per electrical breakdoWn can be limited to less 
than 1 mm2. As a result, electrical breakdoWns impair the 
electrical capacitance of the ?lm capacitor to a compara 
tively lesser extent, for Which reason the capacitor exhibits 
little degradation or breakdoWn-dictated aging. 
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4 
In order to prevent excessive heating of the thin electrode 

during operation, a current path structure bearing on the 
electrode layer is provided for the purpose of reducing the 
total sheet resistance. In this case, the loWer the sheet 
resistance of an individual current path, the smaller the 
degree of coverage of the electrode can be chosen to be 
Without the reduction of the total sheet resistance of elec 
trode and current path structure being jeopardized. A small 
degree of coverage in turn means a maximal extent of the 
thinly coated self-healing electrode area, ie a minimal 
in?uence of the current paths on the self-healing qualities of 
the electrode. A coverage to be sought of less than 10% of 
the remaining electrode area is correspondingly achieved by 
feW and/or narroW auxiliary current paths. In a typical 
example of the capacitor ?lm according to the invention, the 
sheet resistance of the electrically conductive layer is 709 
and the sheet resistance of the current paths is 0.59. From 
this, given a distance a of 3 cm, an auxiliary current path 
Width of 0.1 cm and a ?lm Width b of 15 cm, the result is a 
total sheet resistance, averaged over different directions in 
the electrode area, of 229. 
The ?lm capacitor having segmented electrodes Which 

Was explained in the introduction has, for example, a sheet 
resistance of 79 Within each partial region. The narroW 
current bridges increase the total sheet resistance by 
approximately 34-fold, so that it is 249. Although the local 
sheet resistance in the case of the knoWn ?lm capacitor is 
signi?cantly loWer than in the case of the capacitor accord 
ing to the invention, the total sheet resistance of the ?lm 
according to the invention is loWer than that of the ?lm of 
the knoWn capacitor. 

Since the loss of capacitance and the aging on account of 
electrical breakdoWns are greater, the loWer the local sheet 
resistance is., and the electrical properties are better, the 
loWer the total sheet resistance is, the ?lm according to the 
invention and a capacitor formed from the ?lm according to 
the invention are optimiZed both With regard to aging and 
With regard to their electrical properties. 
An example With a distance a betWeen the auxiliary 

current paths of 3 cm and a ?lm Width of 15 cm is speci?ed 
above. The distance a may vary in the range from 2 to 15 cm 
and the Width b may vary in the range from 3 to 30 cm. The 
Width of the auxiliary current paths 5 is less than 10 mm and 
preferably less than 3 mm. 

If both the electrically conductive layer 2 and the main 
and auxiliary current paths 4, 5 are formed from Zinc, then 
the layer 2 has a thickness of less than 200 A and the current 
paths have a thickness of more than 4 000 If the 
electrically conductive layer 2 applied on the carrier ?lm 1 
is formed from Zinc and the main and auxiliary current paths 
4, 5 are formed from aluminum or a Zinc/aluminum alloy, 
then the electrically conductive layer 2 has a thickness of 
less than 200 A and the current paths have a thickness of ore 
than 2 700 As illustrated, if possible a sheet resistance 
ratio of more than 20 is to be sought. 

FIG. 2 shoWs a further exemplary embodiment of the ?lm 
1 according to the invention for ?lm capacitors. This ?lm 
essentially corresponds to the ?lm shoWn in FIG. 1, for 
Which reason identical elements are designated by identical 
reference symbols. It differs from said ?lm in that a tapering 
point 7 serving as protection device is provided in the region 
Where the auxiliary current paths 5 are linked to the main 
current path 4. Said tapering point serves as additional 
protection device in the case of a non-self-healing electrical 
breakdoWn in the region of the current path 5. 
A capacitor according to the invention is either Wound 

from tWo carrier ?lms coated on one side With a metal layer, 
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the tWo metal layers each forming an electrode and the 
carrier ?lm composed of plastic serving as dielectric 
insulation, or it is Wound from a carrier ?lm, Which is coated 
on tWo sides With a metal layer, and an uncoated ?lm, the 
tWo metal layers forming the electrodes and the additional 
uncoated ?lm serving as insulator. Irrespective of the Way in 
Which the capacitor is Wound and the ?lms from Which it is 
Wound, the result is, in cross section, a sequence of layers 
Which respectively comprise a dielectrically insulating plas 
tic material and a metal layer functioning as electrode. 

In multilayer ?lm capacitors, it is necessary to prevent 
electrical breakdowns Which might not be self-healing from 
occurring betWeen the current paths of successive layers. To 
that end, it suf?ces if the main and auxiliary current paths 4, 
5 of successive layers are not arranged exactly one above the 
other but rather offset With respect to one another. This 
brings about, inter alia, suf?cient coordination betWeen 
Winding processes and current path structures. 

Prior to the Winding process, advantageously on every 
second singly coated ?lm or on the rear side of each doubly 
coated ?lm, the main current path is provided on the 
opposite ?lm edge. In that case, the auxiliary current paths 
shoWn in FIG. 1 proceed alternately from the right-hand and 
left-hand edges and in each case extend into a partial region 
6 de?ned by the auxiliary current paths of the counterelec 
trode. 

FIG. 3 shoWs a vieW in Which an additional auxiliary 
current path 5‘ runs parallel to the main current path Within 
the ?lm. The auxiliary current paths 5 connect the auxiliary 
current path 5‘ to the main current path 4. The auxiliary 
current paths 5“, 5‘" of the rear-side counterelectrode are 
shoWn by broken lines. Since, in this exemplary 
embodiment, the current path structures are in each case 
restricted to one half of the ?lm, superposition does not 
occur under any circumstances. 

FIG. 4 shoWs a cross-sectional illustration through the 
?lm formed according to the invention. An electrically 
conductive layer 2 is applied on the carrier ?lm 1 using 
coating techniques knoWn per se, Which layer, as shoWn in 
the exemplary embodiment above, is designed as a metal 
layer. It goes Without saying that electrically conductive 
plastics can also be used for the electrically conductive layer 
2. 

Directly adjoining the surface of the electrically conduc 
tive layer 2, current path structures Which are elevated above 
the surface are provided in the form of main and auxiliary 
current paths 4, 5, Which are either formed integrally With 
the electrically conductive layer 2 or are subsequently 
applied to the layer 2. At any rate, the current path structures 
are preferably designed as strips 4, 5 running on the surface 
and are electrically conductively connected to the layer 2. 
The elevated nature of the main and auxiliary current paths 
4, 5 designed as strips means that their thickness is 
increased, as a result of Which the electrical sheet resistance 
is reduced relative to the resistance Within the electrically 
conductive layer 2. 

The invention has been explained in more detail above 
using a number of exemplary embodiments; hoWever, the 
invention is not restricted to these exemplary embodiments. 
In the context of the invention, the carrier ?lm can be formed 
from polypropylene, polystyrene, polyester, polycarbonate, 
PET, PEN, cellulose acetate or resist ?lm; the metal layer 
and the current paths can be formed from Zinc, aluminum, 
silver, gold, copper, magnesium or an alloy comprising a 
plurality of these metals; instead of the high-resistance metal 
layer, it is also possible to provide an electrically conductive 
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6 
plastic layer. The form of the ?lm need not be in strip form, 
but rather may assume any desired form, depending on 
requirements. 
The current paths, in particular the auxiliary current paths, 

can be formed With a gradient in their resistance. This 
resistance gradient can be provided by changing the 
composition, the Width and/or the thickness of the current 
path(s). The auxiliary current paths 5 are preferably formed 
With a resistance that decreases in the direction of the 
respective main current path 4. In these cases, the sheet 
resistance ratio to be sought betWeen current path structure 
and electrode layer relates to the thickest point on the 
auxiliary current paths. 

LIST OF REFERENCE SYMBOLS 

1 Carrier ?lm 
2 Electrically conductive layer 
3 Longitudinal edge 
4 Main current path 
5 Auxiliary current path 
6 Partial region 
7 Tapering point 
What is claimed is: 
1. A ?lm for a ?lm capacitor, having an electrically 

insulating carrier ?lm designed as a dielectric, and an 
electrically conductive layer Which is applied on said carrier 
?lm and serves as an electrode, at least one current path 
structure being formed on the layer, 

Wherein the electrically conductive layer has a high sheet 
resistance of at least 59 in order to reduce breakdoWn 
dictated capacitance losses, and in that, in order to 
reduce the total sheet resistance, the at least one current 
path structure has a loWer sheet resistance than the 
electrically conductive layer. 

2. The ?lm as claimed in claim 1, 

Wherein the current path structure has at least one main 
current path and a plurality of auxiliary current paths, 
Which branch off from the main current path(s). 

3. The ?lm as claimed in claim 2, 

Wherein the ?lm is designed in strip form and the at least 
one main current path extends along a longitudinal 
edge of the ?lm. 

4. The ?lm as claimed in claim 2, 

Wherein auxiliary current paths have, at their thickest 
point, a sheet resistance Which is more than 20 times 
less than the sheet resistance of the electrically con 
ductive layer. 

5. The ?lm as claimed in claim 2, 

Wherein the auxiliary current paths cover a maximum of 
10 percent of the electrically conductive layer. 

6. The ?lm as claimed in claim 2, 
Wherein the current path structure has at least one tapering 

point serving as protection device. 
7. A?lm capacitor having electrodes and also a dielectric, 
Wherein at least one electrode and also the dielectric of the 

?lm capacitor are formed by a ?lm as claimed in claim 
1. 

8. The ?lm capacitor as claimed in claim 7, 
Wherein the capacitor is either formed from tWo carrier 

?lms Which are coated on one side With an electrically 
conductive layer, the tWo electrically conductive layers 
each forming an electrode and the carrier ?lms serving 
as dielectric insulation, or is Wound from a carrier ?lm, 
Which is coated on tWo sides With an electrically 
conductive layer, and an uncoated ?lm, resulting, in 
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cross section, in a sequence of layers Which alternately 
comprises electrically insulating material and an elec 
trically conductive layer serving as electrode. 

9. The ?lm capacitor as claimed in claim 8, 
Wherein the current path structure has at least one main 

current path and a plurality of auXiliary current paths 
Which branch off from the main current path(s), and the 
main and auXiliary current paths of tWo adjacent layers 
are arranged offset With respect to one another. 

10. The ?lm of claim 1, Wherein the electrically conduc 
tive layer has a high sheet resistance more than 209. 

11. A ?lm for a ?lm capacitor, having an electrically 
insulating carrier ?lm designed as a dielectric, and an 
electrically conductive layer Which is applied on said carrier 
?lm and serves as an electrode, at least one current path 
structure being formed on the layer, 

Wherein the electrically conductive layer has a high sheet 
resistance of at least 59 in order to reduce breakdown 
dictated capacitance losses, and in that, in order to 
reduce the total sheet resistance, the at least one current 
path structure has a loWer sheet resistance than the 
electrically conductive layer, Wherein the current path 
structure has at least one main current path and a 
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8 
plurality of auXiliary current paths, Which branch off 
from the main current path(s), Wherein the auXiliary 
current paths have, at their thickest point, a sheet 
resistance Which is more than 20 times less than the 
sheet resistance of the electrically conductive layer. 

12. A ?lm for a ?lm capacitor, having an electrically 
insulating carrier ?lm designed as a dielectric, and an 
electrically conductive layer Which is applied on said carrier 
?lm and serves as an electrode, at least one current path 
structure being formed on the layer, 

Wherein the electrically conductive layer has a high sheet 
resistance of at least 59 in order to reduce breakdoWn 
dictated capacitance losses, and in that, in order to 
reduce the total sheet resistance, the at least one current 
path structure has a loWer sheet resistance than the 
electrically conductive layer, Wherein the current path 
structure has at least one main current path and a 
plurality of auXiliary current paths, Which branch off 
from the main current path(s), Wherein the current path 
structure has at least one tapering point serving as 
protection device. 

* * * * * 


